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1 Quick &rt Simmary

The LANCEIODISNRTglobalflood product MCDWDYeplacesthed f S3F O& ¢ HWMVEPF R LINR RdzO(
whichwas generatedrom 2012 throughApril2022 The flood product was initially developed as an

applications product, and so there is no associated science pr@doidte most LANCE products)

ProductAccess

The poductisidentified with adlongnamé: dMODISAqua+Terra Global Flood Product L3 NRT 250m
oshortname&: MCDWD_L3 NRand DOI10.5067/MODIS/MCDWD L3 NRT.061

Homepage https:// www.earthdata.nasa.gowloballood-product

The producttan be downloadefrom the LANCHEIRTservers:

https://nrt3.modaps.eosdis.nasa.gdpreferred/primary server) or
https://nrt4.modaps.eosdis.nasa.gdqlackup server)

by navigatingn those sitego:
NRT Dat# allDataA 61A MCDWD_L3 NRT
Or, directly ina browser. https://nrt3.modaps.eosdis.nasa.gov/archive/allData/6 1/MCDWD L3 NRT

Note you will need &ree) EARTHDATa#ccountfor accessRegister at:https://urs.earthdata.nasa.gav

GedrlIFFiles of the four individual flood layers in each HDF file are also available. These have shortname
MCDWD _L3_ <FloodComposite> NRT, where <FloodComposite> is one of: F1, F1C(fB2tloe E3

day, 1-day with clowl shadow screening-@ay, and 3day products). Thesare available irtheir own

directories on theNRTserversNRT Dat# allDatapA 61 A MCDWD_L3 F1 NRT,.etc

TheGeoTIFBroductDOIs are:

1-day:10.5067/MODIS/MCDWD L3 F1 NRT.061
1-day with cloudshadow screeningt0.5067/MODIS/MCDWD L3 F1C NRT.061
2-day:10.5067/MODIS/MCDWD L3 F2 NRT.061
3-day:10.5067/MODIS/MCDWD L3 F3 NRT.061

Instructions for automating bulk downloadasn be founchere:
https://nrt3.modaps.eosdis.nasa.gov/help/downloads

The nrt download sites are updatéa near reaitime as each incoming swathayruletriggers product
generation

An APIs available tauery available files on therinsystems. For example, the following URL will return
a jsonformat listing of all files available for 20252 (day of year):

https://nrt3.modaps.eosdis.nasa.qov/api/v2/content/details?products=MCDWD L3 NRT&archiveSets=
6l&temporalRanges=202262

The user can theimterrogatethisjson listing for specific tiles of interest, and can reviewdpieiion
time stamps to comparagainst previougueries to determine(for example)f a file has been updated
with new data.

The producis alsoviewablein Worldview:https://worldview.earthdata.nasa.qgod @ Of AO1 Ay 3 2y da
[ F @&0ESE SOGA YA (0 Kte Fooad cateydy TheXdliodivig linkgferences Worldview
with the flood layersalreadyadded https://go.nasa.qov/30iKtY.B
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ProductFormat

The product is distributed in 10x31fles (Figurel), in a lat/lon(geographi¢ projection, in HDF filesThe
tiles are 800 x 4800 pixels, with pixel size of 0.002B88greeq~232 m at the equatorEach file
containsfour flood compositeg1-Day, tDay CS,-Day, and PDay; sedelow), andother ancillary
layers(Table6). An example product file nameidCDWD_L3_NRT.A2021046.h30v12.061.hdf
indicating date in YYYYDOY (yarof-year)format, and tileh-vin MODIS lat/lortile grid (different
from the MODIS sinusoidal tiling grid, which also usesrtdexing.

SeparateGeoTIFF fileare also availabléor each of the four flood compositeAn exampleGeoTIFF
filename fora 2-day productis: MCDWDF2 L3 NRT.A2021046.h30v12.0@1.

The data vales in the flood product are provided Table7, on page22. Note these differ from those in
the legacy producfsee sectior8 belowfor additional details).

Product Usand the 1, 2, and-Bay Composites

Detecting flood water with NDDIS 250m imagery is relatively straightforward. Unfortunately, cloud and
terrain shadowawill often also be detected as watbecause they are spectrally similarthe MODIS
bands availablat 250 m By accumulating watedletectionsfrom severakatellite observationsmany
false-positivescan be removedbecause cloud shadows generally do not recur in the same location
subsequent observations.

Because the location of flood water is not well known in advaand,because olds are spatially

variable,it is impossible tgredict (and thus only generate) the best compegitoductfor a given d&e

or potential floodevent. Insteadseveral composites angre-generatal: 1-Day, 2Day, and @Day. These
require 1, 2, and 3 wateadetections, respectively, tmark a pixel as water. In thellay case, this means

that cloud-shadow falsepositives will contaminate the product if closthadows are presenBut if no

clouds are present, it will provide a more-tgpdate view of currentlbod extent. It is incumbehon the

user to make these decisions, which may vary over a region of interest. Furthermore, we have applied a
usefutbut-not-perfect cloud shadow mask on an additional version of #i#ga¥y product (iDay CS) to

remove manybut not all)cloud shadowsstes, althoughat timesit can also remove real water.

The productJse Notes and FAQ@ssection9 on page30 provide more detailed guidance angers are
advised to review this aterial.

Support
Contact Earthdata Support fproductsupport https://www.earthdata.nasa.gov/contact

A lowvolume distributiononly mailing list imlsomaintained forflood product announcements.

To subscribe: Send anraail tofloodmapjoin@lists.nasa.gofno sibject orbodytext is required).

To unsubscribeSend an amail tofloodmapleave @listsiasa.go\(no subject obodytext is required).
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2 Introduction

This User Guide providése most current information about th€ollection 61 Terra and Aqua
Moderate Resolution Imaging Spectroradiometer (MODBISTG obal Hood Product. It is intendel to
provide theenduser withpractical information regarding the usé the product as well as summary
of the flood map algorithmproduct evaluationproductformat; productaccessplanned
improvements; differences with the legacy product; use n@ed FAQs; and future release ptan

2.1 Background

b ! { NéaaReallime (NRT Global Flood MappinBrojectwasdeveloped though a partnership

between the Dartmouth Flood Observatory (since relocated to the University of Colorado, Boulder
https:/floodobservatory.colorado.edyandati SF'Y G b! {! Qa4 D2RRINR { LI} OS cC
LINE JARSR o0& b! {! Qa (Rdldeli et &8 RO17)TDdpBI0HNE Df dbibNRoBaNilood

mapswith that systemstarted in late 2015ndconcluded at the end of April 2022.

For the puposes of this document thoriginal system is referred toséi KS & f S3IF 0 é FtEt22R Y
system an product Its core data producivasthe MWP (MODIS Water ProducBIlthough it used

custom inputs from LANGEand, Atmosphere Near retiine Capability for EOS

http://earthdata.nasa.gov/lanck the producton system was otherwisseparate and®Fmaintained

The newWLANCEBCDWDflood productis generated entirely whin MODAPSMODIS Adaptive

Processing Systerthe production systenwithin EOSDIgEarth Observing System Data and Information

Systen)), and thus production is substantially more robuICDWDd a/ 5¢ Aa (GKS 02y @Sy
products erived from both Terra and Aqua MODIS imag@/n for Water Detectiorsee otherdetails

in section6.1). The new product is referred tm this documents the LANC& the MCDWUDproduct.

Over its decade of existence, thegacy product has proven itself to heeful fordetectingmany types
of largescale floodig, even though it is based on optical data, and thus cannot inherently observe
water on the ground under ald cover Nevertheless, for many events cloud coigenot complete, or
may shift oveia period of a day or a few days, revealing flood watdow. One of itsadvantages is that
the dataused to generate the productMODIS imageryg are availablavith near global coverage twice
a day the MODIS istrument being onboard twalifferent satellites Terra(morning overpassand Aqua
(afternoon). Thus, here is ho need to rapidly program a specific acquistiiocapture an evenfe.g.,as
necessary fomany commercial sensors), oaifor a defined and fixed revisit period (Landaatd
similar sensors)The MODIS data akeell calibrated andhvailabletwice daily,without the usemeeding
knowledge ofreciselywhere the flood may beccurringand thus where tdarget imagey acquisition.

That said, clouds aggroblematicin many areasandcreate obstacles for this productby obscuring the
ground, and also by casting shadows, whithy be detected as watetbgingspectrally very similaio
water, in the wavelength bands aNable). Much of thecomplexityof this product, ad of its use,
derives from the need taddress theseloudrelatedissues.

Users of the legacy produbtaive includedhe World Food Programe, FEMA (Federal Emergency
Management Agency), UN OCHA (Offieettie Coordination of Humanitarian Affairs), MapAction,

GeoSur, UNOSAT (UN Operational Satellite Applications Program), several large reinsurance companies,
and a numbenf academic researchers. Secti®2 shows some usage exgfes.

Unlike most LANCE productsettiood product was not derived from an existing MODIS science
product;it was instead originally developed as an applications produen earlyuser of the MODIS
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Rapid Respondeagery (Bob Brakenridge)hodevelopedmethods to map floods fromapid response
images. Thus, there is neeparately developed science productsupporting documentation

2.2 LANCE product

In 2017, NASA Applied Sciensapported thetransition of thelegacyflood product toLANCHvith

additiond support provided by ESDISASA Earth Science and Data Information SyBtejec) and
LANCEMODIBANCE & LJ NI 2F Db! {! Q& 9FNIK hoaSNWAy3a {eaiSy
and distributes NRT data and image products from 11 satéiditee irstruments, within three hours of

data acquisition.

Theprimarygoalof transitioningthe legacy flood produdb LANCEvasto ensurereliablelongterm
production The transitionrequired a complete rewrite of theodeto conform tothe ECSDISMODAPS
environment. We took advantage of this recoding opportunity to optimize the algoritkwvoitkflow.

The productsdistributed throughthe LANCREvebpagegsection6) and imagenare availablesiaNASAR a
Global Imagery Browse Servic€8B$(https://earthdata.nasa.gov/eosdis/scienesy/sten
description/eosdiscomponents/gib¥and Worldview(https://worldview.earthdata.nasa.gqgv

The producthas beerrolling out in stagesthe beta releasésee release details section10) replicates
the legacy producfsedion 4 provides a comparisgnThis will abw users to transition to the new file
format, download sites, angdroductbrowse sites without major changes in the data product itself.
After a more detailed evaluation and comparisonween thelegacy and LANGIBod products the
beta release (withmy needed adjustments) wille finalized.Then,a series ofmprovements are
plannedandwill be the basis ofubsequenpostbetareleases.

3 Algorithm

3.1 Overall approach
Flood product generation consiststbfee keysteps:

1. Water detectionalgorithmapplied to eachMODIS observatiotincoming swath granules)

2. Compositingof water detections, over timegp reduce errors and more rigorousiyentify water
(includingterrain and cloud shadow maskihg

3. Differentiating flood from expected surface water

The conpositing step is necessary because fadssitives(from cloud or terrain shadowsjan otherwise
substantially contaminate the product3.heflood productsare generatd with threecompositing

periods (tday, 2day, and 2day) which indicates theaumberof days of data thaare usedor a given
product: a 3day product will incorporate data from the product date, as well as the two previous days.
Therequirements of the user (including latency requirements, and tolerance for-faisgives and/or
falsenegatives), and the cloudiness during a given event will determine which prodongiositego

use. Thisunfortunatelydoesplacea burden on the user tdeterminewhich product provides the best
information for a particular eventWith the product available in the Wtaview web applicationusers
canmore easilycompare and evaluate théifferent options

3.2 Water detection algorithm
The water detection algorithmelies principally om band ratioof MODIS bands ¢ted)and 2(near
infra-red), but alsoincorporatessome ngle-band thresholdindincluding on band 7, a shortwave infra
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red band)to eliminate outside cases of false water detection. Input data is fronMB®09(Surface
Reflectance) produdMODO09.NRT.A6 http://doi.org/10.5067/MODIS/MOD09.NRT.0K1n which
bands 1 and 2are providedat 250 mresolution and band &t 500 m (it igpan sharpenedo 250 m to
match bandg 1 and 2) Thewater detectionalgorithmis as follows

. , . 0 WwecQO . ... Yo Yo
-AOE PEQGAl AQXAOAD!) QO ! . Q
O %) SR a’s O!) &do wePQ O $ 0wegQ O

The constants A, B, C, D, andrE those used in the legacy product, whigre determined empirically
by DFO. Thegre providedin Tablel. If bands 1 or 2 contain saturated or other bad data or NODATA
values, the pixel is marked AKODATAIf onlyband 7 contains bad values or NODATA, the rest of the
computation is completedwith the Band7 thresholdcomponent ignored).

Tablel: Water detection Constant | Value

algorithm constantsNote A 13.5

A, B, D, and E assume inpurB 1081 1

reflectance is scaled by

10000 (standard MODOQ9 C 0.7

product £aling). D 2027
E 675.7

3.3 Time compositing

Because cloud and terrashadows areften detected as water by thevater detectionalgorithm,
multiple water observationare generallyrequiredto mark a pixel as wateihe assumption is that
cloud shadows move over time, so widluallynot recur in the same plaogithin days and thus this
requirement eliminate many cloud shadow falgaositives. It has significantly lesmpact on terrain
shadowsThe dsadvantages that in order tassummultiple observations, the compositing window
needs to be expandeadver time a robust poducttypicallycannotbe created from a single observatig
unless ithappens to be cloudtee. The optimal composite for a given event and location thus degpend
on the cloudiness of the available MODIS imageryhe ddes of interest.

Several differant time compositesare generatedo provide different options to the ws: 1-Day, 1-Day
CS\ith cloud shadow maskin@pplied see sectior8.4.3, 2-Day, and 3Day.Currently, the 1, 2, and 3
day productgequirea total of1, 2, or 3 water observations, respectively, to mark a pixel as w@table
2). Note these thresholds may changeths product isoptimized in future releasegsee sectiory.1).

The compodies are generated by summinglid water detections over the period of the composite
from all available observationand thencomparing this sunto the threshold. For the-tlay, the
compositeperiod is the current day: all available Terra and Aqua swaths a pixel on that day are
included. For the @lay, the composite period is the current day plus the previous day; for-they3
product, the composite period is the current day pths two precedingdays.Note for the kday
product, only requiring 1 war observation results ino removal of clougshadow falsepositivesvia
compositing and thus carontainsubstantialfalse positivesunless the area of interest is clofree.
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Table2: Water observation Product| Totd Required Water Available Observains*

thresholds for different products Observations (Terra or Aqud (Terra and Aqua)
*Note that the number of

observations will depend on 1Day |1 2+
latitude: at equatorial latitudes, 2-Day |2 4+
swath gaps occur andtber the 3-Day |3 6+

Terra or the Aqua observation may not be available for a given location on a given day; thuaithkle
observations may be lower by@. Conversely, at higher latitudes, where swatlcseasinglyoverlap,multiple
observations may be availaber sensor, per dayotentially providing more opportunities to seederclouds as
they move, but also more opportunities to pick up clsbddw falsepositives.

3.4 Terrainand Cloud Shadow Masking

To helpreduceshadow falsepositives various masks arappliedduring the compositing steperrain
shadow HANDO(Height Above Nearest Drainagahd cloudshadav. Terrain shadow and cloud shadow
masks are applied to the peobservation water detection results, before compositing: if water is
detected in a jxelviathe water detection algorithm, but this pixel is also markeeither of these
masks that water detection is removeldefore compositing proceedst present, the cloud shadow
masks is only applied to thellay CS producfThe HAND mask is aplito the final composited result,
removing any marked water or flood pixels.

3.4.1 Terrain shadow masks

For terrain shadows, a seff @recomputed terrain shadow maskse appliedto each tile. These were
originallygeneratedfor the legacy producat a monthlytime-step, on the 22 of the month, using the
ASTERIobal digital elevatiomodel (DEM)(https://asterweb.jpl.nasa.gov/gdem.apversion 2
(NASA/METI/AIST/Japan Spacesystems and U.S./Japan ASTER Science Teeard 200@uted at
nominal times of 10:30 AM and 1:30 PM (i@ &pplied to Terra and Aqua observations, respectively).
For a given date, the most libemralonthly mask is appliedthat closer in date to the winter solstice, and
thus projecting more shadowin the legacy producthesemaskswere estimated to removéetween
75-90% of terrain shadovalse-positivesin the 2Day productthey are very helpful, but substantial
falsepositives may still remainThus aradditionalterrain mask, the HAND mask, is also appt@d
further minimize this issue

3.4.2 HAND mask

The HAND(Height Above Nearest Drainafjé¢obre et al. 201))model providesa terrainbasedmetric

of local draimgepotentialthat we useto helpremove mostemaining terrain shadow false positives
well as mangloud shadow fals@ositivesoccurring in mountainous terrainit serves tanask out water
detections fromareas that are physically unlikely to flo¢at the scales visible with 250m optical
imagery)because there is sufficiemearbydrainagepotentialto carry away flood waters

TheHANDmodelassigns a height to each pixel indicating the vettiistance to th (i LMe&ré&st Q&
drainage channelThesechannels, and the heights, ageneratedfrom a DEMthe algorithm defines
drainagechannelausingan upstream aregarameter. Based on empirical experimentation, we chose
an upstream area of appximately48 knt (6000 pixel®f the 90-m DEM. Theresulting HAND layes
resampled to the flood product grid (0.002083 degrees), and thd80 mthresholdapplied to create a
binary maskThis30 m thresholdvasalsoempirically determined Next, we apply a series of
morphological operatorgdilation and erosionjo clearrup the raw maskremovingsmall islandsvoids
and pixelatednoisiness that occsraround theedgesof the threshold. Finally, we modified the
resulting mask by removirdghnownwater bodiesfrom our reference water dataset (MOD44\\fter
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dilatingthat layer byl pixel. This helped ensure water was reportable, if detected, in known water
bodies, and that sma#icale flooding would be detectible immediately adjacent to these watelidso

This was typically only important when the HAND mask contained inaccudacde errors or change

in the DEM and for endoheic lakesand terminal basinslevated significantly above nearby drainages.
When applied to theroductflood layers, alpixels under the HAND mask are reassigned a value of 255
(NODATABEignalingo the user that a mask has been applied in such areas and water will not be
reported.

We usedthe globalCopernicu®0m DEMO & Dd /hEufopean Space Agency, Sinergise 2@21)
generate HANDGLGQG90 is based olVorldDEM itself fromTanDEMX dda), filled with other datasets
in problematic areasWe utilizedthe 3 arc second version distributed ®penTopographin AWS We
choseGLG90 over SRTMased DEMs because it is based on more reobgérvationg2011-2015),
and thusis more accurate Were new reservoirs and other changes havedified topography
impactingHAND.PCRaster tools (version 4.3Karssenberg et al. 201@)ere usedo generateHAND.

Figure2 showsa globaloverviewview of the HAND maskigure3 showsthe mask in detail ilmn area in
Mississippi, and inomparison to FEMA flood hazard zon€&ggure4 showsan example of the impact of
the maskon the productsin a mountainous areaThis demonstrates that althmh multi-day
compositing is quite effective at reducing falsesitives(vs the tday product)a substantial number
still do get throughwhichare almostentirely eliminated by thé&HANDmask.

Caveatswith HAND

1 Application of the mask dramatically neces terrain and cloudhadow false positive but it will
not entirely remove such falggositives; false positives falling outside the HAND mask are left in
place. In mountainous areashtscan havehe practical impact omakingmasked cloud
shadowfalse-positives lookmorerealistic, even if greatly reduced overall extent by confining
them to drainage channelshere floodng could potentiallyoccur.

1 The HAND mask will be inaccurate when ¢barce Copernicus GESD DEM is in error, odoes
not reflect recent change@or exampledue to construction of dms and water control
structureg. New reservoirs may now exist i HANDmasked areasand thus bothdetected
surface water and adjacent potential flooding will be removed, if under the nvilskdo pgan to
update our reference water, which will resolve masuch issues (sesection7.3 below.

1 Using a ~48 kfrupstream area to define drainagean result in masking of small endorheic and
ephemeral lakes, because their upstnearainage area may exist but be too small to define
drainage for HANDUSsing smaller upstream areas results in too many drainages being defined
in mountainous areas where the product will not be able to deteatiigant flooding due to its
spatial resolution. The-48 kn? value (6000 DEM pixelpjovidea goodbalance

If these constraintsare undesirablea nonmasked product can beeconstruced usingthe layers in the
product HDF fileby recomputinghe compgites(see section5.2.1 below.
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Figure2: Global werview ofHAND maskwith product tile grid. For display at thiscale, mask pixels are
aggregated and appedno cover areas more completelyan theydo; inset provides higher detddr one tile.
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Figure3: HAND mask in detalYazoo City / Jacksaddississippi areawith FEMA flood zones igan for comparison.

Original unsmoothed HAND mask shown in lighter gkmye small flood zone streams areasked by AND
(center of figure)but flooding in such small scale streams would not be detectible with 250 m MODIS imagery.
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Figure4: Example of impact of HAND on 1 anda¥ productsin the Alps south of Lake Gengide h18v04; date
11 Nov2022). Yellow indicates falspositives removed by the HAND mabllote small areasf likelyfalse-positives
are retaned(red pixels)but far less than without the HAND mask.

3.4.3 Cloud shadow masks

To helpidentify andeliminatecloudshadowfalse psitives water detections are masked usitige

G Of 2 dzR fladéronRtize OD09 (Surface Reflectanc®ate QA layefsee table 13 in th10D09
User Guiddhttps://Ipdaac.usgsjov/documents/925/MOD09 User Guide V61 )idfthe 1-DayCS
product. Tlscloud shadow masisinterpolated froml km to 250 m to matcthe resolution of the
flood product. Unfortunately, detecting clouds, and especially their shadowaffisult, andalthough
this maskdoes a reasonable jamuch of thetime, it canalso missareas of cloud shadower mask out
real water,not under cloud shadow. Thus, this masknly appliedo the 1-day product which suffers
most from cloudshadow falsegpositives and a tday product without it is also providedesulting in two
1-day productsil-Day¢ (no cloud shadow magkanddl-Day C&with Aoud Shadow mask A user who
isconcerned about potential cloushadow falsepositives in a day product should reviewoth, and
do so in conjunction with viewing the reflectance imagatyhe site of interes{as can easilge done in
in the Worldview web applicationjo determinethe best product for their needs.

3.4.4 Insufficient data

Aflag valueof 255in the product imlicates pixelswith insufficient surface observations to be able to

mark the pixel as water; in other words, the observation threshoidsable2 cannot be medue to an

excess of bad data, missing data (e.g., swafisgar cloudy dataAll pixels falling under the HAND

mask will also be assigned 25Bhesepixelswill then not be marked as water (or flood). L y & dzF F A OA Sy i
R I (id-used to describe these pixdlsy 8 1 SI R 2F ab2 5FdF¢ o0SOMMamS (KSNBS
(including water observations), but there aresufficientsuch observations to meet the compositing

threshold and thus for such a pixel to be marked aswateK S &S da A y & da€aBiightb&S y i RF G | €
falsenegativespr theymaybe true negatives: & cannot say with the data available.

To identifypixels withinsufficient datadue tocloud coveywe usell KS & Of fadfomhé I (S ¢
MODO09 State QA layewhich reports pixels asithery Of S NE Of 2 dzRéPxelsdeESRX 2 NJ 6
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